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COINCIDENCE DETECTION APPARATUS
AND METHOD

FIELD OF THE INVENTION

The present invention relates to an apparatus and method
of outputting a coincidence signal when a moving or rotating

object passes a predetermined position or angle.

BACKGROUND OF THE INVENTION

Conventionally, apparatuses which move or rotate an
object and, when the object passes a predetermined position
or angle, output a coincidence signal are known. These
apparatuses detect a displacement or an angle by an elec-
trostatic capacitance sensor or an encoder.

An electrostatic capacitance sensor outputs direct dis-
placement or angle information continuously. Hence, the
information can be converted 1nto, e.g., a voltage value to
directly compare the current position or angle of the object
with the predetermined position or angle.

When an encoder 1s used, the original period or zero-
crossing ol the encoder 1s counted, and accordingly, the
current position or angle of an object can be directly
compared with a predetermined position or angle.

For an accurate application purpose, the original period 1s
interpolated to increase the resolution.

Conventionally, an analog interpolation scheme has been
used for these application purposes.

In the analog interpolation scheme, a periodical signal 1s
output continuously. Hence, when the periodical signal 1s
counted, the current position or angle of an object can be
compared with a predetermined position or angle.

In the analog interpolation scheme, the periodical signal
of an encoder 1s converted ito a period shorter than the
original period.

FIG. 6 1s a view for explaining the prior art by exempli-
fying an encoder.

A 2-phase output 2 1s output from an encoder 1 as an
object moves or rotates. The 2-phase output 2 contains
sinusoidal-wave-shaped signals 90° out of phase. The
2-phase output 2 1s electrically processed by an analog
interpolator 30 to generate some periodical signals 31 1n one
period. In this example, one period 1s interpolated nto four
parts.

The analog interpolator continuously outputs a signal in
accordance with the movement. This signal 1s counted by a
counter 6 to obtain a signal 32. When a target 9 of coinci-
dence detection 1s at the Nth pulse, a comncidence detection
signal 1s output at a timing 11.

As described above, when the output from the analog
interpolator 1s counted, coincidence detection can be done at
the resolution of the analog interpolator.

However, for more accurate coincidence detection, e.g., to
increase the number of interpolation parts to 1,000 or more,
the analog interpolation scheme requires a larger circuit
scale that 1s dithicult to implement because of cost and labor
for signal adjustment.

In addition, 1n the analog interpolation scheme, the final
resolution 1s counted. For this reason, if the number of
interpolation parts i1s increased, the number of digits of the
counter increases. Furthermore, even when the speed is
unchanged, the frequency increases in proportion to the
resolution. Accordingly, the counter itself must increase the
speed.

As described above, the analog interpolation scheme has
two problems.
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2

To solve these problems, a digital interpolator (scheme)
which interpolates a period by digital signal processing has
been proposed.

A digital interpolator 1s constituted by an analog/digital
converter and a digital signal processing section. Hence,
even when the number of interpolation parts 1s increased, the
circuit scale does not increase.

When the digital interpolator 1s combined with a control
unit, and the performance in the stationary state 1s required
by a positioning unit, the digital interpolator can be used like
an analog interpolator.

However, the digital interpolator obtains displacement or
angle information for every sampling and therefore cannot
obtain information between sampling.

This 1s inconvenient for accurate coincidence detection.

SUMMARY OF THE INVENTION

The present invention has been made 1n consideration of
the above-described problems, and has as its object to allow
accurate high-speed coincidence detection while preventing
any increase in circuit scale.

In order to solve the above problems and achieve the
above object, according to the first aspect of the present
invention, there 1s provided a coincidence detection appa-
ratus comprising a detector which outputs at least two
periodical signals 1n accordance with one of a displacement
and an angle of an object, a digital interpolator which
processes the periodical signal output from the detector at a
predetermined time interval to generate one of a displace-
ment and an angle at a period shorter than a period of the
periodical signal, a pulse generation unit which generates
constant frequency pulses, a counter which counts a pulse
signal output from the pulse generation unit, and a pulse
conversion umit which converts a diflerence between dis-
placement information corresponding to a target position of
the object and an output from the digital interpolator into a
pulse of the pulse generation unit.

In addition, according to the second aspect of the present
invention, there 1s provided a coincidence detection method
comprising a detection step of causing a detector which
outputs at least two periodical signals 1n accordance with
one of a displacement and an angle of an object to detect a
displacement of the object, a digital interpolation step of
causing a digital interpolator which processes the periodical
signal output 1n the detection step at a predetermined time
interval to generate one of a displacement and an angle at a
period shorter than a period of the periodical signal to
process the periodical signal, a pulse generation step of
causing a pulse generation unit to generate constant fre-
quency pulses, a count step of causing a counter which
counts a pulse signal output in the pulse generation step to
count the pulse signal, and a pulse conversion step of
converting a diflerence between displacement information
corresponding to a target position of the object and an output
from the digital interpolator into a pulse of the pulse
generation unit.

Other objects and advantages besides those discussed
above shall be apparent to those skilled 1n the art from the
description of a preferred embodiment of the invention
which follows. In the description, reference 1s made to
accompanying drawings, which form a part hereof, and
which illustrate an example of the invention. Such example,
however, 1s not exhaustive of the various embodiments of
the invention, and therefore reference 1s made to the claims
which follow the description for determining the scope of
the 1vention.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate embodi-
ments of the invention and, together with the description,
serve to explain the principles of the mvention.

FIG. 1 1s a view showing the first embodiment of the
present mvention;

FIG. 2 1s a graph for explaining the processing time of a
digital interpolator;

FIG. 3 1s a flow chart for explaining a differential calcu-
lation procedure;

FIGS. 4A and 4B are charts for explaining coincidence
detection according to the embodiment of the present inven-
tion;

FIG. 5 1s a block diagram for explaining the second
embodiment of the present invention; and

FIG. 6 1s a view showing a prior art.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

L1l

The preferred embodiments of the present invention will
be described below.

(First Embodiment)

FIG. 1 1s a view showing the arrangement of a coinci-
dence detection apparatus according to the first embodiment
of the present invention.

The same reference numerals as 1n the prior art shown in
FIG. 6 denote the same functional parts in FIG. 1.

Referring to FIG. 1, reference numeral 1 denotes an
encoder; 2, an output from the encoder; 3, a digital inter-
polator; 4, an output signal from the digital interpolator; 5,
a pulse train generation unit; 6, a counter; 7, a comncidence
detection section; 8, a pulse conversion section; 9, a target
position information signal for coincidence detection; 10, a
counter setting information signal; and 11, a coincidence
signal.

The operation of the digital mterpolator 3 will be
described first.

As an object moves or rotates, the encoder 1 outputs the
2-phase periodical signal 2.

The digital interpolator 3 calculates a value corresponding,
to the mverse tangent function of the signal 2. This becomes
a triangular wave 12 for every period of the encoder signal
2. In addition, the original period i1s counted to obtain a
starrwise signal 13.

When the two signals are combined, the signal 4 repre-
senting the final displacement or angle after interpolation 1s
obtained.

For example, when the period 1s interpolated into 1,000
parts, the triangular wave takes a value from 0 to 999, and
the weight of count of the original period 1s set to 1,000 and
added.

These processing operations are executed by a combina-
tion of an analog/digital converter and a digital signal
processing circuit. The signal 4 1s not continuously output.
Instead, the signal 4 1s output for every sampling, 1.e., at
timings indicated by arrows 14. The height of the arrow 14
at each timing corresponds to the output of the interpolation
value. The interpolation value between two adjacent arrows
14 1s unknown.

Actually, a digital signal processing time 1s required to
calculate the interpolation value. Hence, the output from the
digital interpolator becomes usable at a timing 15 with a
predetermined delay from the timing 14.
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4

This relationship will be described with reference to FIG.
2. Referring to FIG. 2, the abscissa represents time, and the
ordinate represents the moving amount of the displacement
or angle.

In FIG. 2, 4 indicates a moving amount of the object with
respect to time, 14 1ndicates a sample point whose position
1s represented by N(k), and k indicates the kth sample point

14.

The time from 14 to 135 1s the processing time delay for
digital mterpolation, and N(k) 1s calculated at the time 15.

Since the object moves by A during the calculation time
delay, the position at the time 135 1s given by N(K)+A.

When the speed of the object 1s almost constant, the value
A can be regarded almost constant independently of the
sample point.

The pulse generation unit 5 1 FIG. 1 only needs to
generate a constant frequency pulse. The pulse can be
generated on the basis of a clock signal of a digital circuait.
Reference numeral 6 denotes the counter; and 7, the coin-
cidence detection section.

When coincidence detection 1s to be executed, the object
1s moved or rotated at a predetermined speed by a control
unit (not shown). Since the sampling interval 1s known, the
number of pulses corresponding to the moving displacement
or angle during sampling 1s known 1n advance. The number
of pulses 1s defined as M. The number of pulses to be
generated by the pulse generation unit during sampling 1s
defined as Np.

Referring to FIG. 2, the difference between the position
N(k) of the kth sample point and the position N(k+1) of the
(k+1)th sample point corresponds to M.

When digital interpolation 1s to be performed, the control
unit also generally executes digital processing using a digital
interpolation value. At this time, as the digital signal pro-
cessing section can commonly be used, the circuit scale does
not increase.

The counter 6 can count up to the capacity of at least two
samples, 1.e., twice the value Np.

The digital interpolator 3 can output the displacement or
angle for every sample point 14 at the timing of the phase
comparison signal 15.

Since the moving speed can be regarded almost constant,
the number of pulses corresponding to the movement from
14 to 15 can be calculated.

Setting the value of the counter 6 will be described with
reference to the tflow chart shown i FIG. 3.

Referring to FIG. 3, Neq 1s the target position of coinci-
dence detection, N(k) 1s the position pulse 1n kth sampling,
A 1s the number of pulses corresponding to movement
during the calculation time, Ndiil 1s the difference from the
target position, and Nmax 1s the maximum value of the
counter.

The difference between the number of pulses and the
target pulse of coincidence detection 1s calculated at the

timing 15 shown 1n FIGS. 1 and 2.

Step S1: The position pulse N(k)+A at the timing 135 1s
calculated.

Step S2: The dif
calculated.

Step S3: It 1s determined whether Ndifl exceeds the
number M of pulses for movement between sample times.

Step S4: I Ndifl exceeds the number M, the maximum
value Nmax 1s set in the counter.

Step S5: If Ndifl 1s smaller than the number M, Ndifl 1s
converted into the number Nc of pulses of the pulse gen-
eration unit.

‘erence Ndifl from the target pulse 1s
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Conversion Formula
Ne=(Ndiff/M)*Np

Step S6: The value 1s set 1n the counter 6.

The counter 6 counts such that the number of pulses from
the pulse generation unit 5 1s subtracted from the set value
Nc.

The temporary relationship between the counter value and
the coincidence detection section 7 will be described with
reference to FIGS. 4A and 4B.

The abscissa represents time, and the ordinate represents
the counter value.

The counter value 1s set to Nmax or Nc at the timing 15.

In FIG. 4A, Nc 1s a positive value. A comncidence detec-
tion signal 1s output when the difference becomes zero.

In FIG. 4B, Nc 1s a negative value. At this time, a
comncidence detection signal 1s outpour at the timing 13.

At this time, the coincidence signal has a time difference.
However, since the resolution per pulse 1s much higher than
that 1n the analog interpolation method, the displacement
error or angle error can be regarded to be very small.

In the above description, the moving speed or rotation
speed of the object 1s assumed to be almost constant. It the
speed changes, the number M 1s increased or decreased at
the timing 15 1n accordance with the increase or decrease in
the number of movement or rotation pulses for every sam-

pling.

(Second Embodiment)

In the first embodiment, the pulse generation unit has a
predetermined frequency. The same processing as described
above can be executed even when the pulse generation unit
1s replaced with an element which generates a pulse having
an arbitrary frequency.

FIG. 5 shows the second embodiment.

Reference numeral 18 denotes a pulse generation element.
The remaining components are the same as in the first
embodiment.

In the first embodiment, the value to be set in the counter
1s converted from the difference between the target value and
the outpour from the digital interpolator. The conversion can
be omitted by making N match with Np.

“In the second embodiment, the pulse train generation
unit has been described as an independent element. Cur-
rently, however, an element such as “Field Programmable
Gate Array (FPGA)” whose function can be programmed
has been developed. When such an element 1s used, the pulse
train generation function and another function (e.g., the
counter) can also be implemented 1n one element.”

As described above, according to the embodiments, accu-
rate and immediate coincidence detection can be performed
by counting a constant frequency pulse train and comparing,
with preset value based on a discrete interpolator output.

In addition, since the number of digits of the counter can
be decreased, any increase 1n counter circuit scale or pro-
cessing circuit scale can be prevented.

As described above, according to the embodiments, accu-
rate high-speed coincidence detection can be executed while
preventing any increase in circuit scale.

The present invention is not limited to the above embodi-
ments and various changes and modifications can be made
within the spirit and scope of the present invention. There-
fore, to apprise the public of the scope of the present
invention, the following claims are made.

What 1s claimed 1s:
1. A comcidence detection apparatus comprising;

a detector which outputs at least two periodical signals in
accordance with one of a displacement and an angle of
an object;
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6

a digital interpolator which processes the periodical signal
output from said detector at a predetermined time
interval to generate one of a displacement and an angle
at a period shorter than a period of the periodical signal;

a pulse generation unit which generates constant fre-
quency pulses;

a counter which counts a pulse signal output from said
pulse generation unit; and

a pulse conversion unit which converts a difference
between displacement information corresponding to a
target position of the object and an output from said
digital interpolator into a pulse of said pulse generation
unit.

2. The apparatus according to claim 1, wherein a value of

said counter 1s updated every sampling.

3. The apparatus according to claim 2, wherein a timing,
for updating said counter and the updated value are a timing
and value obtained by correcting a delay 1n processing time
of said digital interpolator.

4. The apparatus according to claim 2, wherein said
counter has a capacity corresponding to a multiple of the
number of pulses generated in one sampling period,

when the number of pulses corresponding to a difference
between a current position and the target position of the
object 1s larger than the number of pulses generated 1n
one period, a value larger than the number of pulses
generated 1 one period 1s set in said counter as an
updated value,

when the number of pulses corresponding to the differ-
ence between the current position and the target posi-
tion of the object 1s smaller than the number of pulses
generated 1n one period, the number of pulses corre-
sponding to the diflerence between the current position
and the target position 1s set 1n said counter as the
updated value,

when the set value set 1n said counter 1s a positive value,
a coincidence detection signal i1s output when the
number of pulses from said pulse generation unit 1s
subtracted from the set value, and the difference
becomes zero, and

when the set value 1s one of zero and a negative value, the
comncidence detection signal 1s immediately output.

5. The apparatus according to claim 1, wherein said pulse
generation unmit 1s formed from a pulse generation element
having a variable frequency, and a value of said counter 1s
updated every sampling.

6. The apparatus according to claim 5, wherein, a timing
for updating said counter and the updated value are a timing
and value obtained by correcting a delay 1n processing time
of said digital interpolator.

7. The apparatus according to claim 5, wherein said
counter has a capacity corresponding to a multiple of the
number of pulses generated in one sampling period,

when the number of pulses corresponding to a difference
between a current position and the target position of the
object 1s larger than the number of pulses generated 1n
one period, a value larger than the number of pulses
generated 1n one period 1s set 1n said counter as an
updated value,

when the number of pulses corresponding to the differ-
ence between the current position and the target posi-
tion of the object 1s smaller than the number of pulses
generated 1n one period, the number of pulses corre-
sponding to the diflerence between the current position
and the target position 1s set 1n said counter as the
updated value,
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when the set value set 1n said counter 1s a positive value,
a coincidence detection signal i1s output when the
number of pulses from said pulse generation unit 1s
subtracted from the set value, and the diflerence
becomes zero, and

when the set value 1s one of zero and a negative value, the
coincidence detection signal 1s immediately output.

8. A coincidence detection method comprising: a detec-
tion step of causing a detector which outputs at least two
periodical signals 1n accordance with one of a displacement
and an angle ol an object to detect a displacement of the
object;

a digital interpolation step of causing a digital interpolator
which processes the periodical signal output in the
detection step at a predetermined time interval to
generate one of a displacement and an angle at a period
shorter than a period of the periodical signal to process
the periodical signal;

a pulse generation step of causing a pulse generation unit
to generate constant frequency pulses;

a count step ol causing a counter which counts a pulse
signal output 1n the pulse generation step to count the
pulse signal; and

a pulse conversion step of converting a difference
between displacement information corresponding to a
target position of the object and an output from the
digital interpolator into a pulse of the pulse generation
unit.

9. The method according to claim 8, wherein a value of

the counter 1s updated every sampling.

10. The method according to claim 9, wherein a timing for
updating the counter and the updated value are a timing and
value obtained by correcting a delay 1n processing time of
the digital interpolator.

11. The method according to claim 9, wherein the counter
has a capacity corresponding to a multiple of the number of
pulses generated 1n one sampling period,

when the number of pulses corresponding to a difference
between a current position and the target position of the
object 1s larger than the number of pulses generated 1n
one period, a value larger than the number of pulses
generated 1 one period 1s set in the counter as an
updated value,

when the number of pulses corresponding to the difler-
ence between the current position and the target posi-
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tion of the object 1s smaller than the number of pulses
generated 1n one period, the number of pulses corre-
sponding to the diflerence between the current position
and the target position 1s set 1n the counter as the
updated value,

when the set value set 1n the counter 1s a positive value,

a coincidence detection signal i1s output when the
number of pulses of the pulse generation unit 1s sub-
tracted from the set value, and the difference becomes
zero, and

when the set value 1s one of zero and a negative value, the

comncidence detection signal 1s immediately output.

12. The method according to claim 8, wherein the pulse
generation umit 1s formed from a pulse generation element
having a variable frequency, and a value of the counter 1s
updated every sampling.

13. The method according to claim 12, wherein a timing
for updating the counter and the updated value are a timing
and value obtained by correcting a delay 1n processing time
of the digital interpolator.

14. The method according to claim 12, wherein the
counter has a capacity corresponding to a multiple of the
number of pulses generated in one sampling period,

when the number of pulses corresponding to a difference

between a current position and the target position of the
object 1s larger than the number of pulses generated 1n
one period, a value larger than the number of pulses
generated 1 one period 1s set in the counter as an
updated value,

when the number of pulses corresponding to the differ-

ence between the current position and the target posi-
tion of the object 1s smaller than the number of pulses
generated 1n one period, the number of pulses corre-
sponding to the diflerence between the current position
and the target position 1s set in the counter as the
updated value,

when the set value set 1n the counter 1s a positive value,

a coincidence detection signal i1s output when the
number of pulses from the pulse generation unit 1s
subtracted from the set value, and the difference
becomes zero, and

when the set value 1s one of zero and a negative value, the

coincidence detection signal 1s immediately output.
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